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PROCgSS FOR TMR PURIFICATION OF TUMOR NPCRQSIS FACTOR .BIMPIMn 

FIELD OF THF IMVPl>pinM 

5 Thb {nveninn relatas to the field of polypeptide purification. Moia spedicaiiy. it 

lelaiBs to the purification or TUmor Neciosis Factor-Binding proteins 
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HAcacaRmiMn of thp iNvci^n^ 

Tumor necn»l8 1Mor-«Q}lia (TNFA). a potent cytekme^ oKclls a bread spectrum 
of tiiologle responses wWeH are mediated by Undina to a cell surface receptor. The 
receptor for human TNF-alpha isolated from a human hisUocytie lymphoma cell line 
(see Staidier stal., J. BioL Chem., 2B3, 19tW8-104, 19BB). 

Using menedonai antibodies, anottter group obtained evidenes for 2 distinet 
TNF-Wnding proteins, both of which bind TNF-a(pha and TNF-beta specifically and iwHh 
IS high affinity (see Breddiaus et al.. Prac Nat Acad. SciL 87: 7380-7384. ^390} and 
Isolated the cDNA for one of the receptors. They found that it encodes a prelein of 4S5 
amino adds that Is divided into an eidiacellular domain of 171 residuas and a 
cytoplasnde domain of 221 residues. 

i^ter on another group (see Agganvai et al. Natura 318: BSBJBffr. iss^ 
M BhowBd that tumor necrosis faclora alpha and beta Initiate their elftets on cell flmrt 
by bbiding to common c^ surface receptors. The TNF alpha and TNF beta reeept ore^ 
have dfRbrent sizes and am expressed dlfforentiany in diflBrant ceU lines (see 
EhgelmannetaL. J. BloL Chem. 265: 1531-1539. 1990). 
^^TNF alpha Receptor I, refened to by some as TMFRS5. is th&smaller of the 2 
29 »»e^ptora.eONAs for both receptors have been Cloned and theh-nuBteteacWseq^^ 
deteimlned (see Loelscher et aL, CeU 61: 351^, iggO; Nophar et aL. EMBO J. 9: 
3269^278. 1990; SchaU et al.. CeU 61: 361^0, 1980 and Smith et aL. Scienee 24ft 
1019-1023. 1990). 

VMhereas the esxtrecelhilar domains of the 2 receptors are sbiidngly similar In 
siruetura. their fnbacelhilar domains appear to be unrelated. Southern btotOng of 
human senomie DMA. using the cDI^ of the 2 receptore as prebes. indicated that 
each Is encoded by a single gene. 

Several approaches have been attempted to purfiy polypeptides. 
Chromatography Is one of the means most commonly used, including afiini^ 



ehromatngraphy m wWch the substance to be purified te first adsorbed to a bed or 
column of a suitable support on which agents having alflnBy fbr.the tf«en substance . 
am toimoblBaed to capture It and tot the lOTlnlng componenls of the raw 1^ 
unbound. The adsoibed subslanee is then eluted by changing such envlirjnnwntal 
conditions as pH andtorsaH concentration to give a paifially or totally purified molecule. 

In the field of affinity ehromatography. the technique Known as IMAC 
Ommobllized Metal Affinity Chfomatogfaphy) has been described as paiticulaily 
effident in certain eases. See the Review bHIbIb by Arnold published in .. 
BIOTECHNOLOGy. Vol. 9. Feb. 1981. In this review. IMAC is described as a powerful 
technique In the puiiBcailon of polypeptides having such fUncKonal groups that 
paitidpatB m mstal binding, as the side chains of Glu. Tyr. Cys. Asp and Mel. as 
weB as the amino-tennlnal amide nitrogens and bactoone caibonjjl ojvgens. 

Although the technique is powerful not always ft has the required spedBcBy. 
For example. It has been ascertained that adsorption on a Cu*" containing 
, chremalogrephte column b eweBenl far polypeptides contalnins one or prefwably 
more Histldlnes. but ft was also obsenred that even In the absence of the three amino - 
adds considered to be most Important for adsorption, namely Histidlne. Tryptophan 
and Cysteine adsorption of protein may occur, thus impairing 'the specificny of the . 

purification step. ; 
0 The adsorption eRiderov, although generally salWiadoiy for punfication 

purposes, may not be opOmal paitlcularty when the polypeptide to be purified is a 
glycoprotein. In this case very often the eartwhydrate dialns may conceal the sites 
active fbr the binding to the metal chelatB and reduce ihe affinHy for the 
chromatogrephic column in the adsorpGon step. 
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K has now been found that TNF-blndlng proteins can be efHdently purified by 
means of a process indudlng an Immobnired Metal Affinity Chronktography step using 
Copper as metal. Optimal condMons of pH and salinity lor this step are a pH of 2.8 to 
30 3.2. prefferably pH 3 and a saHnlty of 14 to 16 mS, preferably of 15 mS. 

According to the present Invention -TNF-binding prelelns- means any protein 
wbieh has an alBni^ for TNF-alpha or TNF*eta andAor a protein whfch comprises in 
liill or in part the exba-cellular. soluble ftagmeni of a protein belonging to the TNF 
reoqribre tbmlly. 



SomeexBmptesof meinbew of the TNF receptor fiamily are the fbDowing: 

► TVimorNeensis FtoRecepter 1 (TNFRI). abo called TiimorNecrasfB Paclor 
Receptor Supaffemiiy, Member 1A (TNFRSF1A). or -nimor Neerosb i^eioiw 
alpha Receptor (TNFAR) or TNFR S54CD or TNFR 60 W (see description at 
OMIMISnSO http-7AOTwjicbl.nlm.nUioov/entrezrqueiy.fcg|?db<JMIRfl^ 

" ■nm»PlteciD8rsFaotorReceptar2CrNFR2).alw called TumorNecipsfBFact^^ 
Receptor SubfimiHr . Member IB (TNFRSFie) . or Tumor Necn^is Factor- 
bafe Receptor (TNFBR) or TNFR or TNFR 8(NKD (see deserfpttan at 

OMIM191191): 

► OXAO Antigen (OX4Q). also called Tumor Necrosis Factor Receptor 
Supertamfly. Member 4 (TNFRSF4). or Tax-Transcriptionallir Activated 
eiycopiolain 1 Receptor ( TXGP1L)or Lymphoid Acttvatfon Antigen ACT3S 
(ACT36) orCD134 (see desofpfion at OMIM'BOOaiS); 

' CD40L Receptor (CD40). atoe ealed Tumor Necresb Factor Receptor 
Suparfamnjr. Member 5 (TNFRSFS) or B-cen surface antigen CD40. or.CDw40 
or BpSO (see descvlptton at Swise-Pfot Entiy No. P2S942); 
FASL Receptor (FAS), also called Tumor Necrc^ Fector Receptor 
SupeifemlV, Member 6 (TNFRSFe). or Apoptosb-Mediatlng Suifeee Antigen . 
FAS or Apo.1 Antigen or CD95 (see deser^ at Swiss-Pret Ehtry No 
P25445): * 

Decoy Receptor 3 (DcR3). also called Tumor Necrosis Factor Receptor 
Superfamlly, Member 6B (TNFRSFeB) or Decoy Receptor for FAS Ugand or 
M68 ^ea deseiqMion at Swbs-Piot EMiy No. 095407): 
CD27 Atnigen (CM7). also called -njmor Necrosis Factor Receptor 
Superfamlly, MemberT (TNFRSF7) or T^l Adivatton Antigen SISZ (816^ 
(see description at OMIM*6Q2250)r 

Lymphoid Activation Antigen CD30 (CD 30). also called Tumor Neciosis Factor • 
Receptor Superiamily. Member 8 CTNFRSFS) (see description at 
OMIMn63e43) 

Induced By Lymphoeyto Aetivatien (IIA). also eaOed Tkimor Neetesb Factor 
Receptor Superfamibr, Member 9 (TNFRSF9) or CD137 (see description at 
OMIM^022S0): 
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}> peath Receptor 4 (DBA), also called Tumor Newosis Factor Raceptor 
SupaifenOlsr. Member m (TNFRSF10A). or TNF-Relaled Apoptosis-lndudng 
Llgand Receptor 1 (TRAILRI) or APOZ (see descripBon at OWHNP603811); 

> Death Receptor 5 (0R5). also caHed Tumor Necrosis Factor Receptor 
, Superfemlly. Member 10B CTNFRSFIOB). or TNF-RelatedApopto8te-Jndudna 

Ugand Receptor 2 CTRAILRZ) or KHteifDRS or TRICK2 (see descriplton at 
OMIM •603612); • • 

> Decoy Receptor 1 (PCRI). also caHed Tumor Meerosis Factor Receptor 
Supeifemffy. Member IOC (TNFRSF10C). or TNF-Related Apoptosls-lndudng 

0 ugand Receptor 3 CTKAILR3). or TRAIL Receptor WtWiout An Inlracelhilar 

Domain (TRID) (see description at OMIM*803ei3): 

> Decoy Receptor Z (DCR2). also called TUmor Neeiosls Factor Receptor 
SupeifemiV. Member 10D CTOFRSF10D) or TNF4teIated ApoptosisJnducinB 
Ugand Receptor 4 crRAlLR4) or TRAtt. Receptor WMi A Tfuncated Death 

15 Domain (TRUNDD) (see descripHon at OMIM-^OSOM): 

> Receptor Activator of NF-KAPPArB (RANK), also called Tumor Necrosis Factor 
Receptor Superfemlly. Member 11A (TNFRSF11A). or Osteocteat 
DiflerentiatlonFactorReceptorCODFR)orPDB2orTRANCER(seedesoripllon - 

atOIM]Nr603499): 

20 > Ostaopiotagerin (OPQ). also called Tumor Necrosis Factor Receptor 
5^,«fa,Tiily. Member 11B CTNFR5F11B) or Osteocteotegenesls Inhibitory 
Factor (OCIF) (bbb descripfion at OMIM"e02843); 

> Death Receptor 3 (PR3). also called TUmor Necrosis Factor Receptor 
Supeifamlly. MenAier 12 (rNFRSF12). or AP03 or tsrmphoc)rt».*te8oclaled 

25 Recoptor of Death (LARD) (sBBdescilptfon at OMIM-603366); 

y Tiansmembiana Activator And Cam! Interactor (TACI), also caDed Tumor 
NeooBls Factor Receptor Superfemily. Member 13B (TNFRSF13B) (sea 
description at OMIM'804907): 

> BAFF Receptor (BAFFR), also called TUmor Necrosb F^r Receptor 
Superfamlly. Member 13C cmFRSF13C). or B can^Acllvating Factor Receptor 
(sea description at OAmNr606269): 

> Herpeswinis Entry Mediator (HVBM). also called Tumor Necrosis Factor 
Receptor Superfamlly. Member 14 CTNFRSFU). or Herpesvinjs Entry Mediator 
A (HVEA) or TR2 (see desaiplion at OMlM"60274e); 
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> Nerve Growfh Factor Receptor (NGFR). also ealed Tumor Necrasis PMor 
Reeeplor SupeifaiuBy. Member 16 (TNFRSP16) or p75(NTR} (see ctascitptiDn 
atOMIM*16Z010); 

> B-Cen Maturatfon Factor CBCWIA). also called T\imor Neciosrs Factor Receptor 
Superfamily. Member 17 (TNFRSF17) or BCM (see descriptfam at 
OMIM^O9540): 

> Ghicocortnnd^nduBad TNFR-RelaiBd Gene (GITR). abo called Tumor 
NeciDsis Factor Receptor Supeiiiamliy. Member IB (TNFRSFIS). or Activation. 
Inducible TNFR Family MemberCAITR) (see deso^itlon at OMIM^OSBOS); 

> TRADE, also called Tumor NeciDsIs Factor Receptor Superiamil/. Member 19 
(TNFRSF19), or Toxicity and JNK Inducer or TROY or TAJ (see description at 
swiaa-PTBt Sniry No. QSNSea}: 

> X<iinked Echx^rpbeinnAZ Receptor PCEDIAR). abo called EDA-^ receptor (eee 
description at SwiSs-Prot Entiy No. Q9HAV5) and 

15 > DEATH RECEPTOR 6 (DRQ), also called TUmor Necrosis Factor Receptor 
SuperfiEunily. Meniter2t CTNFRSFZI) (see description at OMIM-eOSTSZ). 
According to a prellsnad enibodbnent of the Invention the TNF*inding protein is 
celeeiad between recombinant h-TBP-1 (recombinant, extracellular, soluble fiqgment - 
of human TNF Receptor-1. comprising the amino add sequence eonespondfaig to the 
20 20-180 amino acids fragment ofNophar el at) and recombinant h-TBP-2(recombinanl. 
wttiacelluiar. soluble firagment of TNF Receptor^, comprising the amino acid 
sequence conesponding to 23-257 of Smith et aL). Most pieferably it is recombinant 
hTBP-1 (NiTBP-1). For aO the other pietebis the soluble, extoaeellular domain is 
indicated In the conesponding Swlss-Protenliy. 
25 According to another preferred embodiment of the invention, the puiifkatian 

process of the TNF-bindlng protein includes the -|MAC" step as the "capture ste;r and 
fiirther compriee the following steps, as 'intemiediate steps-: an Ion exchange 
chramalography OEC) at an acMe pH (preferably between 3 and 4) followed try en Ion 
exchange ehromatography at a basiOpH (Freferabty between e and 10). 

30 According to a ftirtherpreferiBd embodiment of the Invention the puiilieatlw 

process of the TNF^Indlng protein further comprises, as >>Bshing stej^ a 
hydrophobic interaction chromatography (HIC). 

More preferably each of the above mentioned chramalography step is followed 
byanuHraBltration. 
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•Captuna step" aceoidlng to iha present hwenlten means «» step during which 
the lecomblnant TNF^iindlns pmteln fa boteted and concentrated lioni the crude 
haivest supernatant of the recombinant host celb culture containing it A high yield at 
the end Of this initial step has a big impact on the overall performancB and yield of the 
process. Accorxllng to the present invention, the capture step canted out on Cu -Chobte 
FF and. preferably. wHh an eluttan at pH 3.0 yWda a product having a purity > 40% and 
a iBCOvery > 80%. 

-intermediate Blep^ are the steps during which most of the bulk Impuntias, 
such as other pFotsms end nudelc adds, endotoxins and vimseB are removed. 

-Polishing steps" are the steps during wWch any remining trace impurities or 
closely related substances are removed, inaider to obtain a high purity pmlein. 

•Ion exdiange Chrom^rtbgraphy' OEC) is capable of sepaiaBng rnoleeules Bwt 

have only sight diffeienoes in eharge to gWe a veiy high resolution separaton. 
Fractions are collBOlBd in purified, concentrated fbmi. The separation Is based on the 
reveieible interaction between a charged molecule and an oppositely charged 
chromatographic medium. Molecules bind as they are loaded onto the column. 
Conditiona are then altered so that the bound eubstenees are ehited differentially. 
Bu«onlsusuanypenbfmedbychange8insa»concentrationorpH.Changesaremade - 

Stepwise or with a continuous gradient Q Sephaiose or SP Sepharose columns are 
commonbr used In km ewhenge chromatography. "Q Sepharose" is a quaternary 
ammonium sbong anion ewhangar (charged gmups: -N-(CHa)3). whereas "SP 
Sepharose" is a suHtopropyl strong caBon exchanger (charged groups: - SQ>1 

Hydrophobic Interaeaon chromatography (HIC) is a versatite melhod for the 
purfRcaHen and separallon of blomotecules based on differences in their surface 
i hydiephobidly. Proteins and peptides usually sequester hydrophobic amino adds in 
domains away ftom the surface of the molecule. However, many biomolecules 
considered hydrophllic have sufficient hydrophobic groups exposed to allow interacHon 
with hydrophobic Ugands attached to the chromatographic matrix. Comparsd te 
reversed phase chrometography. the density of the iigand on the malriKis much Iwwer. 
TWB feature promotes the high seteeHvily of HIC, while allowing mild ehrtion conditions 
to help preserve biological aclivily. "Butyl Sepharose- column is preferably used 
according to the present Invention In the hydrophobic interaction chromatography (HiC) 
step. On this column the n^l group Is used as hydrophobic Hgand. 
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Accortlng to the present bivention. the TNF^Imfing proteins are produced by 
meane of reeombfnant DMA technoiegy In eukaiyotic; piefeiab^y mdmmalian. ^etls. The 
recomWnant process for producing ttiem is here below reported fbrcompletanesB. 

Rrst of aH the DMA sequence coding fbr the desired protein is inserted and 
5 figated Into a suHabf a plasmid. Once formed, the expression vector Is Introduced Into 
a suiablB host cen, which then expresses the veetorfs) to yield the desired protein. 

Expresalon of any of the lecoinbinant prolBlite of the Invention as mentioned 
herein can be eftoelBd in eukaryatfo oeib (B.g. yaasts, insect or mammaKan eelis) or 
pioKaiyotic cells, using the appropriate escpression vectors. Any method Known in the 

10 aitcan be employed. 

Fbr example the DNA molecules coding for the proteins obtained by any of the 
above methods are inserted Mo appropriately constructed expression vectors by 
technniueBwalilcnownlnlheart (seeSambroolcetal. 1980). Double sbanded cDMA 
is linked to plasmid vectors by homopolymeric toiling or by restrietton Hnldng involving 

15 ths use of synthetle DNA linkeie or biunt-endad ligation techniques: DMA ligases are 
used to Ugate the DNA molecules and undeslrabto joining is avoided by treetment 
with ansRne phosphatase. 

In order to be capable of expressing the desired protein, an expression vector . 
should eomprtse also specHite nucleotide sequences- oontombig tianseripfionai and 
W translaikinal regu^ry inibmiaeon Itnked to the DMA coding the desired pmt^ In 
such a way as to pennit gene expression and production of the protem. Fwat In orter 
for the gene to be transcribed, ft must be preceded by a promoter recognizeble by 
RNA poiymerase. to which the polymerase binds and tous miOates the benseriptfon 
IHoeesR There are a vaiieiy of such promoters to use; wWch 
23 effldendes (strong and weak promoters). 

For euKaryotfe hosts. dWerent transcriptional and tiansiaiionai regulatory 
sequences may be employed, depending on the nature of the host They .may be 
derived form virai sources, such as adenovims. bovine papiHoma vims. Simian vlivs or 
the fflte, where the regulatory signals are associated wKh a particular gene which has a 
high level of expression. Examples are the TK pro moter of the Herpes vims, the SV40 
eaiiy promoter, the yeast gal4 gene promoter, eta Ttanscriptional Initiation regulatory 
signals may be selected which aOow tor repression and aeHvaiton, so that expressfon 
of the genes can be modulated. 
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The DNA molecule comprising the raieleoHde sequence coding fbr the hybrid 
protein of the mvenBon 18 Inserted Into vecteKs). having the opeiably linked 
tianscrtptional and transfaBwiBl regulatory signate. which is capable of integrating the 
desiied gene seqiiencee Into the host cell The cells which have baen stably 
transfbnned by the introduced DNA can be selected by also introducing one or more 
maiters vrtiich aHow fbr selection of host cells which contain the oxpresslon vector. 
The maiKer may also provide for phototrophy to a auxotroplc host, blodde lesistance. 
e.g antlbloHcs, or heavy metals-euch as copper, or the llto. The selectable marfcer 
gene can eWier ba diracDy HnKed to the DNA gene sequences to be expressed, or 
introduced Into the same can by co-transfecBon. Additional elements may also be 
needed fbr opflmal synthesis of proteins of the Invention. 

FactDis of Importance in selecting a particular plasmid or viral vector todude: 
the ease witti which recipient cells, that contain the veeto r may be recognfeed and 
selected Ibrm those reditoit cells which do m* contain the vector; the number of - 

eoftes of the vector whWi are desired In a particular host and whether It is desirable 
to be able to "shutO^ the vector between host cells of different species. 

Once the veBtor(s) or DNA saiuence containing the constnjcKs) has been 
prepared fbr expression the DNA construct(8) mat ba introdaeed Wo an appropriate - 
host cell by any of a varieUr of euitabla means: transfennation, transisctton. 
oDiiiugafion. piotopiasl ftiSKsn, eiectropotalion. calcium phosphate-predpteBon. dliect 
mlcrOihieellon.eto. 

Host ceOs may be either prokaryotic or eukaiyofic Preferred are eukaiyotic. 
hosts. e.g- mammalian cells, such as human, monkey, mouse, and Chinese hamster 
ovary (QHO) calle. because they provide post^ranslatlonal modHteaUons to protein 
molecules, including correct fOWing or gtyeosylatlon at coneel sBee. Also yesst cells 
can cany out post-translaltonal peptide modifications Including glycosylation. A 
number of recombinant DNA strategies «cist which utilize stmng premoter sequences 
and high copy number of pfasmide which can be utilized for production of fte desired 
pnrteins in yeast Yeast lecognizes leader sequences on donad mammalian gane 
products and secretes peptides bearing leader sequences (Le.. pre-peptides). 

After the inhoducfion of the vector(8). the host cells are grown In a selecthre 
medium, which seleds fbr the growth of vectorH»ntelning ceDs. Expresston of the 
doned gene sequence{e) resutts in the production of the desired proteins. 
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Puriflcatton of the recombinant proteim 90 oHained is ceiniM out acooitihg to 
the method of the Im^entfon. 

A veiy detailed embodiment of the present invention wiU be presented in the 
fallowing part of thb epedftoatlbn and le schematicaliy summaifzed In Rgure 1. 
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Bed Volume 



pFgc picmON OF TH g FIGURE 

FtaufBi! thb figure shows a flow chart of the process used for the purification of r- 
5 hTBP-1- From the capture step up to the aclitevement of tho r-hTBP^1 bulk material 8 
steps are peifenned, the most cntlcal of which being the capture step. Each of the 
steps is well described and detaBed in the following Bcamples. 



ID pflatertete 
EQUloment 

Chrxynatographte column XKZeCD ^.6xZ0cnt} 
Chromaftogfaphic column XKSQ/ZO (SAOcm) 
Peristaltle pump MinlfAis 2 
15 Peristalfic pump P-1 

Chart racorder 221 0 

UV detector Uvlcord 2158 

On line pH-conductivity monitor 

Low Pressure chromatographic system FPLC 
20 HPLCanalyfical system 

Ruorimetric detector mod. 9070 

Refrigerated box MCF 1500 

U.V Spectrophotometer UV1204 

Ultrafiltration system mod. Minitan 
25 liAinHanplaiss4/K 

Stirred cell mod. 8400 

Stirred cell mod. 80SQ 

Ultratiltratlon membrane type YM10 

Ultrafiltration membrane type YM10 

39 

RiaBinaand columns 
SP Sepharose FF 
Q Sepharose FF 
Butyl Sepharose FF 
35 Chelating Sepharose FF 



Pharmada 
Phamia^ 
Gllson 
Pharniada 
Pliarmada 
Pharmacia 
Blosepra 
Pharmacia 
Merok 
Varian 
Angelantoni 
Shimadzu 
Minipore 
MilOpore 
Amicon 
Amlcon 
Amicon 
Amlcon 



Phaimada 
Pharmacia 
Pharmada 
Phaimacia 



r^x ■TOO n mo'--*-^- 



-11- 



10 



15 



20 



30 



SP Sepharose Bipg Beads 
Phenyl Sepharoae 6 PR (high sub) 
CM Sepharose PF 
DEAE SephaiDse FF 
DEAE-HyperD 
SupeloosD LC-30B 0.46xS 
Aquapore RP-300 Brownies 
TSK-GZOQO SWIbqt. 0.78x30 
Mono -Q HR 

TiiB(hydio]^eitiy|)*^no msthana (Trte) 

Sodium ctilorfde 

omio-phosphorfc add 85% 

Sodium hydroxide (peHets} 

DI-«odium hydrogen phosphate 

Sodium dlhydrogen phosphate 

EthanolabsoiutB 

Acetonilrite (ACN) 

TriRuoroaceSe acM (TFA) 

60% sodium hydnoxlde 

Sodium SiiXphate 

Copper sulphate 

Zinc chloride 

Hydrochloric acid 37% 

1-propanol cod. 1024 

EthylenedramlnotBtracetic add (EDTA) 

Ammonium sulphate 



Phamiada 
PhamiQcIa 
Pharmada 
Phanmada 
Blosepra 
Supeico 
AppBed Biosystem 
T050-HAA5 
Phanmada 



Merdc 
Mendc 
Meidc 
Mendc 
Meick 
Merdc 
Meick 
Merdc 



r-hTBP-1 crude han^est 
McAb to TBP-1 done 18 
Albumin standard cod. 2321 



Baker 
Merck 
Men:k 

Merck 

• Merdc 
Merdc 
Merck 

Merck 

INTERPHARM LABORATORIES LTD. 
INTERPHARM LABORATORIES LTD, 

Pierce 
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Tha puiiflcaaon of r4iTBP-1 (Onercept) will now be described In detelL 

cTgy 4 -CAPTURE STEP 
DtecrioHon of Butfeis a nd Sdutlong 

5 pasin chaig fn^ bufBsf 

32 9 Of copper sulfest© are dissolved in 900 ml of purified water and after 
dissolution the volume is brought Id 1 liter. 

Acidified water 

10 0.5 ml of acetic sew te added to 1 itterof water, 

gquilihrationbufffBr 

1.88 +/- 0.1 ml off 85% ortho-phosphoric add and 11.88+/-0.1 g NaO are 
dissohred In 900 ml of purified water, the pH is aiQusted to 6.8*/-0.1 with 60% NaOH 
15 solution and the volume fa brought to 1 1Her. 

Wash soiutton 

1 1ter of purified water is used.as washing solution. 

20 gititfon buffeff q p n^ ^ Qf PH ? B to 3.2 has been t^ste^a. 

6-76+/-0.5 ml of 86% iwrtho-phosphoric aad and 5.84+/-0.1 g NaCI are 
dissolved In 900 ml of purified water, the pH is aJjusled to 3+/-0.1 with 60% NaOH 
Bohilion and the volume is brougitt to 1 liter. The resulting oonduclivi^ is 1 -1 mS. 

Regeneration buffer 

ia,6H^-0.1 g EDTA and 5B.4*/-1 g NaQ are dissolved In 900 ml of purified 

water and the volume is bmughtto 1 liter. 

^gnltizetion solution 

40 g NaOH are dtesohred in 900 ml of purified water and the volume Is brought 

to 1 rder. 

gtonaoBaohition 

20% ettianol or 0.01M NaOH are used as storage solution. 



25 



30 
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Column PrennraHon 

8+M ml of Chelating Sepharose Fast Row (Amersham Biosdenees) Is coupled 
with ftnfnodiaeetie add resin and packed Into the chromatagiaphic oohimn so that the 
bed height lesutts of an. The so paired wham is washed with 10 BV of 

acWilledwatBrand then loaded withZBV Of O^Mooppar sulphate pH4-*^. Following 
the ManultetuM Instructions a sohitlon 2-3 mM of aodium acetate pH 4-1.5 fa used 
to iaeimate the dissolution of copper is uiphalB and to avoid piedpHatibn at neutral pH 
The iBsin to then washed with 10 BV of amed water. 

Procedura 

Oude haivast coiilalning r^TBP-1 (recombinanl TNF-blndlng proteln-l). stored 
et 4'C 18 brought at room temperature: pH is adiusted to 6. 8 by diopwise addition of 
es% oittuH>hosphorlc acid and cenductivitr is broughtto 21+/-1 ms by addwen of send 
NaCi (crtide harvest can also be applied after a preiiminaiy concentration phese of 
ultrafiilration to remove medium components that could negatively afltet the Intereeiion 
of rvinBP.l wBh copper}. 

The column piepanrf as described abowbfirt Equilibrated by fli«hing . 
16-20 BV of equilibraeon buffer and then haded with the crude harvest of r4iTBP-1 by 
operatirw at room temperature (224/^C) and at a linear flow tale of 200 
ml/sqem/hour. 

The column is first washed with equilibiation buffer until the UV signal reaches 
the baseline and then Is washed with 12-15 BV of water and the coJunm effluent is 
discarded. 

Butlon is made with the eiution bufliar and eelieetion of eiuate is started when a 
UV Signal is detected, -me eiution of r-h7BP-l is accompiished with 5-6 BV of emtien 
buffer. The effluent containing semi^>urifled r-hTBP-l is collected and stored at -ZO»C. 

The column is regenerated with 3 BV of regeneration buHer and the column 
effluent Is discarded. Ttieieafter. the column is sanitized wit S BV of sanrtizaUon 
30 solulfen. 

For storage, the column is washed with 5 BVof storage solution and stoned in IL 
The puri^ data afierthis etep are summarised in the Ibiiewing TABLE 1. 



20 
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P«»famianee o f tha eapture st,.p feBmoaiiBon viWi Zn" IMAQ 

The captuiB (rtep was originaBy carted out on a Zn^'-chelate IMAC column. 
Ho«*ev»r. the loading capacBy of the capture step for emde r^TBP-1 was considered 
too low C50-300 meg r4»TBP.1 or 40 column volumes of aude haivest^ml of lesln). By 
,«placing zinc with copper, as charging metal, a significant Increase In the loading 
capacity has been obtained. During this Cu^ IMAC capture step, the r-hTBP-l .a 
bound to the resin, most of the contaminant pwtelns are eluled In the unbound fraction 
and semipurffied r*TBP-1 b obtained h the eludon with a purity level suitable for the 
fbllonvingstisps. 

By the selected conditions, the required impravement in the binding capacity 
has been pursued with some other advantages. The most relevant results lelativa to 
thb study are following summarised. 

The capture step of r-lvreP-1. peifonned by the metal^heiate ehromalogtsphy. 

shows ttio faflowing charaeterisBcs: 

1. tjian^nfrefibn: 25-30 IWd concentration of r-hTBP-1. in comparison with the cmde 
liarvest {see Table 1). 

2. ftiriffcatfon: The step Is efffedive in the reduction of the cwitamlnants. as showm In 
Table 1. 

3. ScaiBBblUbr. The method Is suitable for se^ up and mamif aetunng scale; 
4 ftodkieft/flir. The lecoveiy of the step te saBsfactory as shown In Table 2. 

Fufthennore the step is vary ttet. repreducible and easy to be carried out The 
resin can be reused after the appropriate sanlti2ation and recharging. 

Furthermore, the main advantages oftheu8BofCu**overZhcanbe 

summarised as followe: . ^ 

. H fTT l"'^'''''°'="«°»^= 1-1.2 mg of r-hTBP-1 agabiat OiS- 

O.BmgftnlofZn-fBsrtn: 

- iBjEHvansliofthepurilylBvelormaterialaftercapturestepf^^ 
by the Zn-resin to 40-50% of Cu-raain as shown in Table 2 (quantitative RP -HPLC). 
. Bsda^aSLof the number of washes step from 3 of Zn-resIn to 1 Cu^ .w»h a 
reduction of woridng fime and buffer consumption. 
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TABLE 1: Caotum on Cu -chefate r-h7BP-1 - Recovery data bv lEMA 



EUJN 


Sample 


Volume 


mcg/ml 


Totaling 


% 

nwovMyO 


RUN1 


start 


1200 


8^ 


102 






Unbound 


1300 


1.0 


1.3 


12.7 






98 


1.4 


0.12 


1.2 




Button 


45 


234 


las 


100 


FUJN2 


sart 


1100 


BJZ 


9.0 






Unbound 


1200 




1.0 


n 




VUbsh 


68 


1.2 


0.1 


1.1 




Elution 


38 


214 


8.2 


91 


RUN 3 


Start 


1200 


8.2 


9.8 






unbound 


1300 


1.8 


2.0 


20 






88 


1.6 


0.14 


1.4 




EluHen 


41 


200 


8.2 


83.6 



5 O caleulerted on the total amoum of r4)lBP-1 loaded 

STEP 2 - ION EXCHAWGE CHROMAT OGRAPHY Ofl SP SEPHAROSE FF 

. Pescriptio n Off Buffers And Solutlona 

Boufllbiatlon buffer 

0 1-8*»n'of 85%ortho-plie8^otfcadaaiidl7,53gorNaClareaaddrt toSOO 

ml of water with stinfng. pH is adjusted to W4)A wRh 50% NaOH and the volume Is 
acQustedfol liter. 

VteBhbuflbr 

5 0.e8mlof85%ortho^ihosphoiteacidiBaddBdlo900mlofwater,withsftifti9. 
pH l9 a^st^ to AJM-OA with 50% NaOH and the voluma is a^usted to 1 1Her. 



c-«4 *. ic/11 Jnnnn icm „. cu«x >_..,-,oo n mo-. 
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HuBon buflter 

3.37 ml of 85% orto* phosphoric add and 17.63 g of Naa are added to 900 ml 
Of water, Wilh stirring. pH is adjusted to 4.0 ± 0.1 wRh 50% NaOH and ttia volume is 
adjustadtol IHar. 

Reqengratiem buffer 

3.37 ml of 85% orto^5hosphortc aad and 118.8 g of NaCI are added to 900 ml 
of water, wHh stirring. pH Is adjusted to 8.0±0.1 with 50% NaOH and the volume fs 
acQusted to 1 liter. 

RanlHgattonBOluBon 

20 g of NaOH are dissolved in 000 ml of water, with stirring and the volume Is 
atyustedtol fiter. 

15 Storage sohiflon 

200 ml of absolute ethanol areadded to 800 ml of water under sti nf ng. 

Cpfumn Preparation 

The column Is packed with SP-Sepharose FF re^. following the 
20 manuCactunei's instrudionsy up to 6-6.5 cm t»ed height 

The column to sanlHzod by flushing 3 BV of NaOH 0.5M ItoHowed by 3BV of 

water. 

The column Is equilibrated by flushing 4-5 BV of equilibration buffer. pH and 
conductivity of column effluent are checked (pH 3.Q±0.1, conductivity 29.5±0.5 mS/icm) 
25 and the column is evenhjally further equlUbraled If the measured values are not within 
the indicated ranges. 

NB: AltematiVBly, the equilibration buHsr can be replaced by 25inM Phosphate 
buffer pH 2.B+/-0.1 without NaCI; the wash buffer can be elimlnatBd; the regeneration 
buffer can be replaced by NaCI 1.5IUI; and the storage solution can be replaced by 
30 lOmAA NaOH. 

Procedure 

AO operations are perfbmted at a temperature of 2-8'C and at a flow rate of 40- 
50ml/cm/hour. 



10 



15 



-17- 

Frozen r.hTBP-1 obtained from capture step elution is thaivad either at nxim 
temperature or 6i2-C. The pH is acfusted from 3.7 ± Q.2 to atO-l adding es% 
phosphoffe add and eonductivi^ is aiQuslBd from 14±3 mSfcm 1o 22±3 mSfem 
addins solW sodium chloride and the solution b loaded on the cohimn. After loadihg . is 
completed, the column is flushed with a bv of equnibiatian buffer. fbUowed iy 4 BV of 
wash buffer. Altemativeiy. the washing with the wash buffer can be erminated (see the 
NB above). 

Then elution wKh eluKon buffisr Is started. r-hTBP-1 starts to elute after leo^ 
ml. This first part Is discarded and the following iS BV which represent semipu rilied r- 
hTBP-1 are collected. The eluted firactiOn is sampled (5 x 0.8 nil) tbr IPC and stored at 
Qtl'G fbr not more than 3 days. 

After elution Is completed, the column flushed with about 3 BV of 
regeneration bufler. Jtm ftadien (1x1 mO is sampled and discarded It 

For siofaga. the column Is flushed wHh 3 BV of BOH 20% (or. aliemati«ie^ wRh 
lOmM NaOH) and stored at e-W-2'C. 

ftesults of Sevan expeffmems of this step are in the fbOowlng TABIf 2: 

TAPLgft Pedbrmanoe of me eatmn gKehanaaeh n amatooiapf^ yytop - . . 



0 





Start SP 

total mg 


MlTBP-1 
recovery 


C3 R-MTBP-1/015 RUNS 


438 


95.8% 


C5 R-HTBP-1/D15 RUNS 


435 


95.4% 


C5 R>-HTQP*1/019 RUN7 


454 


93,4% 


CS K-H tBP-WiS RUNS 


419 


9^.09i 


R-HTBP-1/D15 RUNS ' 


578 


97.6% 


CS R-HTBP-1/D15 RUN10 


bV9 


9B.7% 


CS R-HlBP-1/015 RUN11 


382 


102% 









THb foUowing Table 3 shows the peiformance of the combination of the steps IMAC 
and SP-Sepharose FF. 
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TABLE3'- Purily Of r-hTBP-1 oWsdnetl from different source 



Upstream Process 


Purt^ofpoetlMAC 


Purity of post 5P 


Source Of the data 


Serum 




fi2%-10D% 


GMP Runs BS01« 

asos 


Serum Free 


57%-77% 


B1%-9B% 


iQMP Rune MS01- 
WISOS 



STEP 3 SP ELUATg ULTRAFIL TRATION 
5 Procedure 

All operations are performed at room temperature (23±3''C). 
Hie ultrafilter stored in NaOH washed with water until pH 7±0.6, The uttreflHer 
aeaembied wBh membrane Is loaded with the r JiTBP-l solutfon. The solution is 
concentrated up to 50 mL The letentate flracMon Is diluted with about 200 ml of water 
10 and conoenlralBd again to 50 ml. The washing step described above Is repeated three 
' more times. 

The conductivHy of the pemieate is checked: if It Is < 0.5 mS/cm start wHh the 
following step. 

If the conducBvi^ value b 7>0.8 mS/cm repeal once more the present washing 

15 slep. 

200 ml of 60 mM Tris (at pH 9.0±D.1 and conducBv% b.55±0.1 mS/cm) are 
added to the retentate firacUon and concentrated agaJn up (o 60 ml of solutlon. 

The operation described above is repeated three fimes, and. If needed, 
continue untB the pH and conducUvity of the pernieale fraction Is 9.0±0-2 and 0.65ifl.1 
20 mS/cm reapectivety. 

The retentate ftartlon is collected and the ultrafiter Is washed ¥«h three 100 ml 
enquots of 50 mM Tris (at pH 0.0±D.1 and conducBvUf 0.610.1 mS/cm) adding the 
washing fractions. 

The ultrafillBr is washed and sanitized with 0.1 M NaOH (or, alternatively, 0^ M 
25 NaOH) by lecycUng fbr not more than 3D minutes. The ultraHltBr is rins»l with water 
until pemieatB pH is 7.0d0.5. The ultraBter is then stored Ih 0.01IW or. altemativery, 
0.05 JM NaOH at23±aX. 
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gTgA^ON EXCHANGE CHROIWATOCHAPUV ON o^EPif ARnae pp 
Buffers And SBlutiopg 

Jiayi!lkafiafljfe!feE.60inM Trie pH 9.0±0.1. conductivity O.S5±0.1 mSfem 
5 mmf) m^r ZSamM THs pH 9.0±0.1, SO mM NaCI conducBvily 7.2±fl.S mSfcm 
Raqener^OFipMffep 250mM Tife pH 6.0iO.l, 2 M NaCI or. allematively. 1.6M NaCI 
^ifiEallon soluiton: OJRUl NaOH, 
StoracM aBhiflon; 9fW. Ethanol or 10 mM NaOH. 

10 Procedure 

All opeiaUans are perfbrnied In the foUowing conditionB: 
TempeiBture: z-a-c or. attemathMy. worn tampeiature: Linear flow rele: ao^ 
mtfenAheur 

Tha pH or r^»TBP-1 post UlbBlWralibn te ehected and. ff It Is different Irom pH 
9i»±0.1, It 18 acoust ttrtth 1M TW8 or 3M HCL The condiielivi^ to also checkoA 

The column is packed wHti Q^harosa FF fasin. l&iiewtng the mamif^K^turer'a 
fnstnjctione. up to 13 em bed height 

The Q-8ephaiesa column is then sanitized t»y flushing 3 BV of NaOH 0.S M ■ 
followed by 6 BV of waiar. Then the column Is flushed wRh 4 BV of elution buffer and 
equnibiatadwith 7.« BVofequnibtatlen buflbr. pH and eonductf-tty of column effluent Is 
checked (pH S.0iO,2, conductivfty 0.55i0.l mSfem). The equDlbiation of the column ie 
eventuany contfnuousV parfbnned if the measured values are not udlhln the mdicafed 
ranges. 

The column Is then loaded with uftrafillered r-hTBP-1 piepared as abovei Atber 
25 toadingb completed, the column Is flurtwd with 3 BVctfequffibiafcnbulfer. 

Elution is etaited With the elution biiffbr. Pure h-hTBP-1 elaits to eluta aftar 
IBV; coliection of r^TBP-l Is started after the liiet BV acconffng to the 
chmmatographlc profile: then elub'on Is complete after 5-6 BV. 

The column Is flushed with 3 BV of legeneiafion buffer, sample (1 x 1ml) and 
then discard^. The column is again Hushed with 3 BV of 0.5 M NaOH. rinsed with 
water unta the pH of the effluent Is between 7 and 8. Rnally the column is flushed with 
3BVofeOH20% and stored at2-8'C. 
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STEP S - WAia n fl^-pgATlON OM DV SO PALL 

The stainless steel support ta Installed In the dtec^oWer and the D\«0 filter (47 
mm dianwtBrt is placed on the support. Pall UMpoi^ VF Grade DVSO Is a fiter cartridse 
which Is normally used Itor viruses removal. A few drops of water are added on the top 
5 of lha disk. The apprepitete seals ara Installed and the dlsc-holderls closed tightty. The 
system Is filled with SO ml of Q ehrtlon buifer. closed and conneclBd to the NHiogen 
source. 

At the beglnnina of the flushing the NHregen tfll la opened at an initial pressure 
of 0.5 bar and then tha venl valwa located on the disc-holder is opened m order to 

10 puige the system. 

As soon as the first drop of liquid starts to go out from the vent valve on the 
dlBo^ielder, it is closed tlghBy and the Nitrogen la opened to the right pressure, 3.0 -3.5 

bar. ■ _ 

The membrane ia than flushed wBh aB the 50 ml of buR^. In order to assure lha 

19 membianebewetandtoenininateair.ifpreBontbetyreenthesheetsofthernenrtMano 

and peritum «ie inli^iTly test on ttie filter. 

The system Is filled with material coming from the previous step and opeiale d 
as fbliows: at the beginning of the filtration the Nrtrogsn untO is opened at an Wfial • 
piessuie of 0.5 bar and then the vent valve loeflled on the dlee4»lder Is openend in 

20 oideriDpuiaethe8ystBinJtesoonasthefIi5tdroporsolutionsiartstDgooul.lhBvent 

valve of the dis&holder Is closed and the N'rtiogen opened to a pressure of 1 .5^.5 bar. 
The Nitrogen pressure Is Kept at 1.3*5 bar and then the solution Is allowed to 

befiiteied. 

The filtBiBd solution Is collected in a container and at the end of the flUrafion. 
25 tha Nitrogen source is closed and the vent valve is opened to diminata okobbb of 
MIregen. 

At the end of the fOlfation the system Is washed with 5-10 ml of the ehiQon 
buffbrofthepieviousstep. atthesamewortdngpressure of l.5^bar. 

■ Hie washing aolutton Is coBeded in the same container of the filtered aoKilion 

30 and sampled for IPC. 
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ST^P g ^ HypROPHOBIC IWreRACnON ON BUTYL SPPf4AROSg fp 
Bumn And Solutfoi^ 

Equffibiatfftn l?M*lfar; 200 mM Trte4ICI pH 7^.1. 1 M Na^SCM conductMly 9IttS 
mS/cm 

5 l!ySaILi^Ufe£ZOO^lMT•is4^apH7.S±0.1.0.7MN^ 
ReowieiaH on soluBOnrP urifiBdMiatw 

SaiHtBBtion sohjfiaiulM NaOH 
SB{a9&£S!SlSaa;20% eSHnol or 10 mM NaOH 

10 PiocedurB 

AU operations are parfoimed at a temperatwe of 23±3-c and at a linear flow 
late Of 80^0 mitonfliour Sofid NaaSO* is added to Q^epharose eluate. post 100 KD 
UlbBfiltiatloii under slfnfng. up to 1M. After that the dissolution of the salt Is completed 
the pH b aiQustBd to 7^*0.1 with 3M Ha Tl» column is then flushed with 3 BV of 
15 NaOH ^M fbUbHved by 4BV of pufilied water. 

Th© column is again flushed the column with S4 BV of equiUbiaiion buffer. Tlie 
PH and conductiyliy of efifuent (pH 7.5±0A conducBwity 90iS mSfcm} are checked and 
iha column equnibiatien is continuously peribmied. If measured values ara out of - 
bidfeated ranges. 

The solution prepaieil as above is loaded on to the column and. after loading is 
complBtBd. the column is washed with 3BV of equHibiaiion buffer. Wtash wRh 
equiGbration buffer is continued. 

After 2-3 BV of wash, proteins sfart to elute. This fraction contains r-hTBP-1, 
10-12% about of total, contaminated by call culture contaminants. This wash ii 
PTOlonBed unffl praiain ehiiion raaehes the plalaau giving a broad peaK (2 BV abouQ. 

Then olution is start»<l wRh elulion buffer. Hie fiR* 1 ^ BV are pooled wHh «ia 
washing sample, since it contains a smaO amount of eonlamin^ amJ immedialBly 
alto- collection r-hTBP-1lB started. 

PUfffied M,TBP.1 elutes immediately after the contaminated material and 
emilbn is prolonged fer ZS^ BV. The collection is stopped whe^ the UV absorbance 
rnartes Iha 0.S % of max After collection of rJiTBPll. the fiaction (SWJ.5ml) is 
sampled and stored it at2.B"C fer not more than 3 d^ 

The column is flushed with 3 BVofpuiBied water and the fiaction coReelad. 
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The column fe sanlfeed wKh 3 BV of 1 M NaOH and rtnaed with water untt the 
pHofeffluenttebetiMBen7aiuia , « 

Then the column b iluahed with three eoluinn voRme of ethanol 20 % 

and stored al room tsmpeiaturelbr not more than 2weelo. 

■ 

5 

STEP 7 - ID KP ULTRAFUJ IWATION 

The saired ceU lypa B400. asaemblad wUh the membrane. Is loaded wtth the 
Butyl-Sephaixjse eluate. The soluBOn to concentreted up lo about 25 ml. under nttrogen 
pressure of 3 bam. The retentatB ftaotton 1b diluted with about 100 ml of waiar.and 
10 concentpalsd again to 25 mL The vrashlng step described above is repeated three 
fUflher ernes. The eondudlvHy of tha pemieate la ehecKed: i f It Is < 0.3 mS/cm then the 
tbllowlns step can be started. If the conductMly value is >0.3 mS/cm. the washing step 
ahould be r^eated. 

100 ml of bulk buffer is added to fhe retentato fraction and concentrated again 
15 up toZS ml of solution. This opemtJon is repeated three times, and. if nesded . until the 
pH and oonduclivny of tha permeate fracfion Is 7.1±D.Z and S.8±0.2 mStem. 
respecS^y. 

The retentete fraction Is discarded and loaded on the smaller uHraWtfalion - 
etined ceB type 80S0. assembled with the membrane. The retenlalB is concentrated to 
20 minimum volume (about 3^ ml). The retentete ftecflDn te coHected and the uRrefiler 
wUh bulk is washed by adding the washing liacllonsto the concentrated r-hTBP-1. The 
fins! volume is adiusted bi order to obtete a final concenhaBon of about 20^0 mg/ml by 

OD2aonm(s=0.71). 

The ultrafilteis are washed and sanitised with 0.2 ftfl NaOH by recycling far at 

25 least 30 minutes. The utoaffltere are then rinsed WBh water until the pemweatepH Is 
7i3>.6. The uitrafUtBTB are then stored In NaOH 0.01W at esz'a 

grpP B - BMCP OPiLTWATIOM 

The disposable syringe is connected to a 0.22 ji filter, filled with the r4iTBP-1 
30 concenlrated solution, filtered and washed twice with 1 ml of bulk buffer by pooGng the 
washes with the filtered bulk. The resulting solution Is sampled fbr analyticai teste (15 
X 02 mi) and stored at -SOX. 
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Results are safiafactaiy under the quanlBatlon and purify points of view as 
shown b/ tfia Ibllowing tables (Tattlos 4 to 6) rsflacting the ««. Ha of an adaquata 
number of replications of thts process (RUN). 

Most eritieal to the piooess of this invention is the hWal chonnatography step on 
Cu-^ chelala column. Morsover. 11 Is also important the combination of the SP 
Sephaiose chrematogiaphy at an add pH with a fbUewtaig Q Sepharose at a basic pH. 
bi these condMons. sIriidngV good lasuBs have bean obtained by subjecting a cnide 
han«8tfrom CHO pioduotion of i^TBP.I (Oneioept). The capture step in particular 
has been shown to be able to 25^0 Ibid concentrate r-hTBP-i. to effectiveDr reduce 
contaminants, to have a saHsftetory raeoveiy of the pietein and to be scaleabie for 
industrial manufacturing. 

even more euiprlsing is the liact that outstanding purity data are obtained both 
when the etarfing material is a erode supernatant ftom senmi -containing csll culture 
and when It comes from senim4tee ouRura. es will be shown beiow. 

TABLE4 - Step and «=ui qutativB reecafen/ dsj^ 

Q-Sepharose Butyl Bulk 



RUN 


Recovery 


'step 
Recovery 
(%) 


Step 

Receveiy 
P6) 


Step. 

Receveiy 

(%) 


Overall 
YisW 


RUN1 


"wis 


"982 


84.8 


102 


73.8 


RUN 2 


"955 ; 


80.4 


86.2 - 


104 


79.5 


RUN 3 




94.3 


90>l 


106 


82.3 


RUN 4 


"iaio 




90.6 


102 


89 


RUNS 


97.9 


9S.7 


80.9 


108 


833 


RUNS 




89.2 


87.3 


101 


80.1 


RUN 7 




90 


61 .S 


100 


76.2 



20 




TABLE S - Bl 'IW quantitation data 



Bulk 
batch 


Volume 
(mO 


OJD. 
(mg/ml) 


QuanfilaBve 

RP4iPLC 

(mgftni) 


(ingAnl) 


BiOLaclfvity 
(lU/itngDO 


RUN1 


16 


20.3 


202 


22.7 


25985 


RUN 2 


13.7 


25 


25.3 


26.2 


27350 


RUNS 


14 


26 


26.7 


ISA 


23834 


RUN 4 


13.5 


2B.6 


27.7 \ 


30.2 


23003 


RUNS 


16 


29 


30.Z 


28.7 


23B03 


RUNB 


IB 


29 


29 


27.0 


27339 


RUNT 


13 


20.6 Z0.4 


19.6 


27752 



o mgof r4iTBP-1 obl^edbyOD 



9 TABLg e - Bu lk Pufittf data 



BufK 
baftch 


Purity by 

SE-HPLC 

(%) 


Celi Cuiuie 
Proteins 
(ppm) o 


Fhjorimetric 
RP-HPLC 
(ppm) o 


DNA 

(pg/mg) 


SDS-PAGE 
Silver 
Stained 
(ppm) 


RUNI 


99.7 


<6 


•<:95 


17 


< 100 ppm 


RUN 2 


99.9 


<5 


<75 


10 


< 100 ppm 


RUNS 


S9.9 


3 


<46 


11 


< 100 ppm 


HUN 4 


99.7 


<4 


<65 


12 


< 100 ppm 


RUNS 


99.7 


<4 


<BB 


11.5 


< 100 ppm 


RUN 6 


99.7 


<2 


<39 




< 100 ppm 


RUN 7 


99.9 


n.d. 


<1Z1 




< 100 ppm 



By appl^'ng analogous process steps to the other TNF receptor. r-hTBP-2. sImUar 
10 quanlita6on and purf^cferts are obtained. 
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ANALYTiCAL PROTOCOLa 

1 QuantitativB RP-HPLC> Wta rklnQ PiocBdi^m 

The fDllowbig method tas bean used to quanlitate the r-hTBP-1 In all 
purification samples. It employes a C8 column with acquraus TFA and n-propanoK a 
5 good resoIuBon between r-hTBP-1 and cell culture contaminants b obtained. The r- 
hTBP-1 can be resolved in one or two peaks depending on the column batch. The 
procure Is descAied heie below. 

U EdutemCTt and matarials and ^ethnrf 

10 -Ana^calHPtC System (Men:k or equivalent 

• Dynamic mbcer (Merck or equivalent 

- Column: SUPELCOSIL LC-308 0 0.46x5 cm -cod S-SaSl - Supelco 

- Eiuent A: 0.1 % aqueous TFA 

-Buent B: 0.1% TFA in water/ n-propanoi SQ:60 
15 - Eiuent C: Ac^onlMe 

•Temperature: 23±3*C 

• UV OetecHon: 214 nm 
Injection time: 62 minutM 

-Iryecfion volume: 10*100 pi 

20 - Standard: BTC1 0 , 1 .53 mgAnl by OD 280 nm (©» 0.71) Ir^eeled at 1 0 and 20 pi 
•Giadlmt 





Flow rate 
ml/min 


Time 
(minutes) 


%A 


%B 


%C 


1 


0.7 


0 


90 


10 


0 


2 


0.7 


5 


70 


30 


0 


3 


0.7 


14 


05 


35 


0 


4 


0.7 


27 


0 


100 


0 


5 


0.7 


3S 


0 


100 


0 


6 


1 


35.1 


0 


20 


80 


7 


1 


40 


0 


20 


90 


8 


1 


40.1 


90 


10 


0 


9 


1 


50 


go 


10 


0 


10 


0.7 


61 


90 


10 


0 



tJZ Calculation 

The amount of r-hTBP-1 in each purifhcadon sample has bean obtained as 

feUowfs: 

• calcuMB the rraponse factor (RF) tor the slaneterd (BTCIO) acconflng to the 
fbmiula: 

IBPlmcg/ml 

mvipfy the MiTBP-l pea* orea of each sample by the RF of the standard 
obtaining the ooncentrsHon of the semple In mog^l as shown: 

IBPlmcg/ml = TBPlpeakaiea X RFslaiuiani 
Please note that 

• The BTC 10 used as standard has been chosen o n the bads of avaBabDt^ 

• The rolention time of r-hTBP-1 peak can ahW at each new buffterprepar^^ 

min): 

• qonoentratedsamplehastotsBdllinedlneluBntA. 

2, Ptuprimelric RP-HPLC - Wo rking oracedure 

Based on previous experiences With otha- recombinant protons a RP-HPLC 
analysis with afluortmetrfcdeleclionhaBheenselivtoeslBrnate the pur^ 
i^dual cea cuttuiQ contandnante both In r-hTBP-1 bulks and In In process samples 
since no immunochemical mettod was available when the purification study started. 

This method resulted useful to monitor the removal of cell culture contaminants 
In the last purlflcatlon step Le. Butyl Sepharose chromatography and It was 
determinant In the selecSon of the operattve oondUons of the above stepi since it oould 
beusedtoanatyzBthein pnicese samplee and no spedal materials and/or apparatus 
are lequiied. The fV-HPLC is ftet Crun time 62 minutes) and gives resu«s comparable 
to the immunoassay when this test became av^lable. Since a standard for 
contaminants was not yet avalable, a BSA solufion firom Pierce was used as standard 
to estimate the contamination level In the samples. As me quantitative RP -HPLC, tWs 
test gives a good resoluUon between r-hTBP-1 and BSA area. 




2-1 Equi pment . materlate and fnettind 

- AnaiyOcal HPLC System (Meick or equivalent) 
-Dynamic mixer 

- Fluorfmetffc detector { Varian or equivalent 

5 - Column: Aquapore RP-300, 7|i, Brownfee, 0 0.469^2 cm -cod 0711-0059, 
Applied Bfosystem 

• Eluent A: 0,1 % aqueous TFA 

- auent B: 0.1 % TFA in AcetonRrBe 
-Tempeiature: 23±a''C 

10 *Xe9ocftation:220nm 

- K emission: 330 nm 

- lr\IecUon volume: 10^100 fii 

- injection time: 62 minutes 

- Standard: BSA (Reroe) 2 mgAnl dHuted 1:100, 10 and 20 )il Injected; 

15 - Control: BTC10 . 1 .53 mgAni by OD 280 nm (e?» 0.71). as it is 200 pi injected; 

• r-hTBP-1 sanqales: 1 -5 mg/M by OD 2S0 nm (sf 0.71), 

• Gradient 



step 


FtowtBte 
mVmin 


Tims 
(mlnuties) 


%A 


%B 


1 


2 


0 


70 


30 


2 


2 


5 


70 


30 


3 


2 


15 


65 


35 


4 


2 


25 


50 


50 


5 


Z 


35 


50 


50 


6 


2 


36 


0 


100 


7 


2 


45 


0 


100 


8 


2 


46 


7D 


30 


9 


Z 


61 


70 


30 




2 ^ calculation 

The amount of contaminanta in each Butyl purWcaHon sample la obtained aa 

fcdiows: 

• ca!culBtBthera5ponse1actor(RF)1brthB5tandand(BSA)ara 

5 

^ BSA meg injected 
BSA peak area 

Muliply the coniaminanlB peaks area of each aample by the RF of the standarti 
and by 1000 obtaining ttte amount of contaminanls In Oie aample injected In ng. 
10 DMding thia value by the amount of r-hTBP-1 injected the conlamlnafion in parts p& 
mitlon ia obtained^ as aocoiding with the fomiida: 

cftntnminnng peak areas xBFBSA x 1000 
ppmcomamhiaiils^ TBPl mg afl^ctad 

Pfaase note that 
IS • Test sample has to be diluted [neluant A. 

» The contamination of the conirDl sample ranges beiwean 190 and 240 ppm 

^ AnalvBis and charactaiizatlon of the r-hTP&>1 BulK 

The analytlced m^oda Ibllowing desoibed have been set up and used to 
20 charadarlza the r4iTBP-1 bulk originated by the new purification procedure. 

ai sg^HPLC 

Ihts mettiod was developed wHii the aim to quantitala the amount of dimers 
and aggregatea In the final bulk. The method can dlacriminate between r4iTBP.1 
2S monomer and Rb dlmer and/or aggregates. Tills has been proved by lesfing some r- 
hTBP-1 samples after t-lV treatment a method wlde^ known to generate aggregate 
Ibmis of inolBGUlea BrteQy the method la carried out as follows: 

,1 ^ulpment . materials and method 
30 Equipment Analytical HPLC System 

Column: T9< G2000 SWm. caxL 0B021 (TosoHaas) 
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MobBe phase: 0.1M Sodhim phosphate pH 6.7, 0-1M sodium wlhdQ 

TrnipeiahjiB: 23±3^Q 

UVdatecaon: 214 nm 

Injection volume: 10-100 pi com^ondlng to 20^0 meg of MiTBP-1 (by OD) 

5 inlQdiontime: 30 minutes 

Standard: BTCIO, 1 .53 mg/ml by OD 280 nm (e^ 0.71) 10-20 pi Injected 

r-hTBP-1 bulk: diluted to 1-2 mg/W by OD 280 nm (ep 0.71) 10-ZO pi infected 
The purfly of the sample la e)q>res3ed as % of puri^ of r-hTBP-1 peak / total area ratio. 

to l&UELC 

This method was developed to evaluate ^e isofomis composltfon In the final 
bulk with the aim to replace the chromatofocuslng te^nique generally used for ^e 
above purpose. OlSeiently from the chromatofbcusing, (tie lEC analysis results more 
advantageous because le fiaster than the above, requires less material (150-200 meg 
instead of 1-2-mg). employas common buffers and does not need the prntr^tment of 
fte test sample. Since r*TBP-l Is a glycoprotein, as the sub^nce of that nature. K Is 
charactBiizBd by different isoibnnB having each one a different Isoelectric point that 
detenninee a different behaviour when tasted by an Ion exchange analysis. 12 different ' 
peaks, each one corresponding to a glycosflatfon variant, are obtained. By the present 
method all the Isofbrms of the r-hTBP*t have been Isolated and fully charad^eed. 
Briefly the method to carrfed.out as follows: 

3.2.1 Eoutament . materials and qryethai^ 

Analyticai Inert HPLC System 

Column: MonoQHRS^ 
Buffer A: 40mMTrisnHCIpH 83 

Buffer B: 40 mM TrfsfflCI pH 8.5, 0J3 M NaCI 
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20 
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Gradient 



^0. 



Step 


ml/mln 


TlmB 
(minutes) 


%A 


%B 


1 


1 


0 


100 


0 


2 


1 


10 


80 


10 


3 


1 


30 


75 


25 


4 


1 


40 


65 


35 


5 


1 


41 


0 


1(») 


6 


1 


61 


0 


100 


7 


1 


62 


100 


0 


B 


1 


70 


100 


0 
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Flow rate: 
Temperature: 
UV detection: 
inlecSon amoufiK: 
Injecfion time: 



20 



imWnln 

23±3-C 
220 nm 

10*16 md oonesponcBng io 150-200 meg of r-4lTBP-1(|3y OD) 
70 minutes 

r-hTBP^1 btdk and reEsrence diluted V2. with purified water 



4. Quantitation of r^iTBP-l bv OP 

The ooncentraBon of the r-hTBP-1 bulKs produced in the frame of the 
present etudy was detemdned by optical densi^ at 280 nm using the molar exUiiuBon 
ooeflictent calculated In house, on r*hTBP-1 bulk produced there during the initial 
phase of the purification of r-hTBP-1 . Three reprasenta^ r-hTBPI bulks produced In 
house with the new puriBcaHon process have been used, obtaining ^0,778. This new 
e^dinctjcn coefficient will be used lor the scale up and production phases. Since the 
concentration of the bulks is in the range of 20-30 mg/ml. R Is necessary dHute the 
materiai to 1 nugMI wWi buHc buffer (40 mM PBS pH 7 A 10.2, 1 0 mM NaCI). prior to test 
tiie absortaance at 280 nnu 
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S. Pm tein determlnaflon by Bradfard 

The Bradford method was used to quanetate total proteins in the r4iTBP-1 bulk 
(see Bradfbrd, MM. Anafytkal Bbchemfsby 72: 248<254. 1978 and Sloseheek. CM., 
MMtoife Ai Bsymoft^ taZ- 60-69, 19919. Ite 

fl. in vttroBioaBaav 

The bieactMly of r-hTBP-1 consists in its eeqsacfty to bind TNFet This test was used to 
assHjr both the in precaM eampiBB and bulla. 



CLAIMS 

1. Process Ibr the isolatian of pure TNF-binding proteins oomprisfng an 
hrunobUlzed MsW AiRnlty ChromatograiAy OMAC) using coppsr as metal. 

2. Process tor the purffiratlon of recombinant TNF-bindIng proteins, comprising, as 
capture step, an Immobillzfid Metal AfRnJty Chromatography using copper as melal- 

3. The process accorcTmg to .claims 1 or 2. wherein the elution from the IMAC 
column Is carried out at a pH comprised between 2.8 and 33. 

4. The process according to any pnacedfng claims, wherein ttie elutlon from the 
IMAC column is canfed out at saiihtty comprised between 14 to 16 mS, 

5. The process according to any pna:edlng daims, which further comprises the 
tbllowlng steps, as intermediate steps: an ion Exchange Chromatography (lEC) at an 
acidic pH. preferably between 3 and 4, followed by an ion exrfiange chremahagraphy at 
a basic pH. preferably between 8 and 10. 

e. The piocess according to any preceding dabns. which former comprises, as 
polishing step, a Hydrophobic Intsraction Chromatography (HIC). 

7. The process according to any preceding dafms, wherein each chromatography 
step Is followed by an ultrafUlration. 

8. The process according to any preceding claims, wherein the TNF-bWing protein 
Is recombinant h-TBP-1. 
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ABSTRACT 

A new purificatlDn process for Tumor Necrosis Factor-binding proteins is 
described. In parfieufar this proofs is charecterized fay the use as capture step of an 
Immobiilzed Metal Affinity Chromatography (IIMAC) using copperas metal. Thte brings 
advantages In terms of process ytelds, purity of the final product and pppHcablli^ to 
industrial scale. 
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Capture stq? 



CU~-CHEIATE 



Loading: pH6.8 



eiution: dH 3.0 



intermediatB 



SP-SEPHAROSEFF 



10 KD ulVrafiutkation 



Loading: dH 3.0 



Ell^Bon! DH4.0 



Polishing 



aSEPHAROSEFP 



T 



Loading: dH 9.0 
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NANORLTRATION FOR VIRUS 
REMOVAL 



BUm. SEPHAROSE FF 



a. 



10 KD ULTRAFILTRATION 
J 



022 |L micfoniraUon 
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r-hTBP-I^BULK 



□ 
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UadinffoHyS 
ElMttoffl PH7,S 



40 mM PBS pH 



7.Q.1DmMWaCI 
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